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ABSTRACT
We present an analysis of the sky distribution of neutral hydrogen (H i) deficiency and spectral
asymmetry for galaxies detected by the H i Parkes All-Sky Survey (HIPASS) as a function of
projected environment density. Previous studies of galaxy H i deficiency using HIPASS were
sensitive to galaxies that are extremely H i rich or poor. We use an updated binning statistic
for measuring the global sky distribution of H i deficiency that is sensitive to the average
deficiencies. Our analysis confirms the result from previous studies that galaxies residing in
denser environments, such as Virgo, are on average more H i deficient than galaxies at lower
densities. However, many other individual groups and clusters are not found to be on average
significantly H i poor, in contradiction to previous work. In terms of H i spectral asymmetries,
we do not recover any significant trend of increasing asymmetry with environment density as
found for other galaxy samples.We also investigate the correlation between H i asymmetry and
deficiency, but find no variation in the mean asymmetry of galaxies that are H i rich, normal
or poor. This indicates that there is either no dependence of asymmetry on H i deficiency, or a
galaxy’s H i deficiency only has a small influence on the measured H i asymmetry that we are
unable to observe using only integrated spectra.
Key words: galaxies: general – galaxies: groups: general – galaxies: clusters: general – radio
lines: galaxies
1 INTRODUCTION
Galaxies are observed with morphologies spanning from active star
forming, late-type systems through to passive, early-types. Across
morphologies, asymmetries are observed in the stellar and gaseous
(atomic hydrogen, H i) disks, and galaxies are found with gas con-
tents ranging from gas-rich to gas-poor. A late-type, star forming
galaxy in isolation andwithout any external influences is most likely
to appear symmetrical as the morphology is primarily driven by the
gravitational potential well arising from the baryonic (stellar, gas)
and non-baryonic (dark) matter.
Most galaxies do not live in isolation, but are found to re-
side in groups and clusters (e.g. Tully 1987; Gourgoulhon et al.
1992) and large fractions of galaxies are observed with measurable
asymmetries in their integrated H i spectra (e.g. Richter & Sancisi
1994; Haynes et al. 1998; Matthews et al. 1998). The environment
is known to be important in shaping the observed galaxy properties
(e.g. the morphology-density relation, Dressler 1980). One such
property is a galaxy’s H i deficiency, which is defined as the differ-
ence between the observed H i mass and the expected H i mass for
an isolated galaxy of similar size and morphology (e.g. Haynes &
Giovanelli 1984; Cortese et al. 2011). H i deficient galaxies aremore
frequently observed in denser environments, particularly in galaxy
clusters (e.g. the Virgo cluster) and towards the centre of galaxy
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groups, rather than in isolated, field galaxies and galaxies in low
density groups (e.g. Chamaraux et al. 1980; Solanes et al. 2001;
Verdes-Montenegro et al. 2001; Boselli & Gavazzi 2009; Chung
et al. 2009; Kilborn et al. 2009; Hess & Wilcots 2013).
There are many external (e.g. tidal and ram pressure stripping)
and internal (e.g. star formation and supernova feedback) mecha-
nisms proposed for causing the diversity of galaxy morphologies
and giving rise to observed asymmetries, with the occurrence of
each mechanism depending on the environment in which the galaxy
resides (e.g. isolated in the field, intermediate densities in groups,
or high densities in clusters). External mechanisms fall under two
broad categories: mechanisms acting between a galaxy and the envi-
ronment and mechanisms acting between multiple galaxies. Mech-
anisms involving the environment include ram pressure stripping
(Gunn & Gott 1972) as a galaxy passes through the dense inter-
galactic medium (IGM) and gas accreting asymmetrically onto a
galaxy (Bournaud et al. 2005). Interactions between galaxies with
low relative velocities (tidal stripping, Moore et al. 1999; Koribal-
ski & López-Sánchez 2009; English et al. 2010) and high relative
velocities (‘harassment’, Moore et al. 1996, 1998) and galaxy merg-
ers (Zaritsky & Rix 1997), on the other hand, involve two or more
galaxies. H i deficient galaxies in groups and clusters are also found
to be undergoing ram pressure stripping or tidal interactions (e.g.
Bravo-Alfaro et al. 2000; Dénes et al. 2014, 2016; Yoon et al. 2017),
which indicates that these external mechanisms are likely to be the
cause of the observed H i deficiencies.
© 2020 The Authors
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The influence of the environment can be very effectively
probed with H i, which will be affected by external mechanisms
more readily than the stellar disk (e.g. Giovanelli & Haynes 1985;
Solanes et al. 2001; Rasmussen et al. 2006, 2012; Westmeier et al.
2011; Dénes et al. 2014; Odekon et al. 2016). H i is subject to pres-
sure effects and is easily observed to larger radii than the stellar
disk, which is where the gravitational potential is weaker and the
gas will be less gravitationally bound. The most straightforward
observable relevant for galaxy asymmetry is a galaxy’s integrated
21 cm spectrum, which can be acquired with either a single dish
radio telescope or an interferometer and requires significantly less
observing time compared with spatially resolved observations. For
these reasons, many H i asymmetry studies have focused on asym-
metries in integrated spectra.
Themost common parameter for quantifying the level of asym-
metry is the flux ratio asymmetry, 𝐴flux, defined by taking the ratio
of the integrated flux above and below the systemic velocity of a
galaxy. Early studies found & 50% of galaxies to be asymmetric
with flux ratios > 1.05 (Richter & Sancisi 1994; Haynes et al. 1998;
Matthews et al. 1998). The scatter in the flux ratio asymmetry of the
AMIGA (Analysis of the interstellar Medium in Isolated GAlaxies,
Verdes-Montenegro et al. 2005) isolated galaxy sample follows a
half Gaussian centred on 1, denoting a completely symmetric sys-
tem, with a standard deviation of 0.13 (Espada et al. 2011). Hence,
the fraction of systems classified as asymmetric in previous studies
will be lower if the asymmetry cutoff adopted is based on the iso-
lated galaxy sample of Espada et al. (2011). More recent studies by
Scott et al. (2018) and Bok et al. (2019) have considered galaxies
with 𝐴flux > 1.26 or 1.39 (i.e. > 2𝜎 or 3𝜎) as being significantly
asymmetric and the asymmetry likely caused by external mecha-
nisms. Using > 2𝜎, this corresponds to 9%, 17%, 2% and 18% for
the isolated galaxy samples (Haynes et al., 1998; Matthews et al.,
1998; Espada et al., 2011; Bok et al., 2019, respectively),∼ 16–26%
for the Virgo and Abell 1367 clusters (Scott et al. 2018) and 27%
for galaxy pairs (Bok et al. 2019).
Studies of H i asymmetries are not limited to integrated spec-
tra, but have also quantified asymmetries in H i morphologies and
kinematics (e.g. Angiras et al. 2006, 2007; van Eymeren et al.
2011a,b; Reynolds et al. 2020). However, measuring morphological
and kinematic asymmetries requires spatially resolved, interfero-
metric observations, which require significant amounts of observing
time. There are currently no all-sky H i surveys of spatially resolved
galaxies similar to the H i Parkes All-Sky Survey (HIPASS, Barnes
et al. 2001), which is limited to integrated spectra.
Quantifying the environmental dependence of any galaxy prop-
erty is complicated by how the environment is defined (e.g. cross
matching using a group catalogue or optical survey, optical sur-
vey magnitude limits, nearest neighbour vs fixed aperture, number
of nearest neighbours, volume vs projected density, etc., Muldrew
et al. 2012; Jones et al. 2016). Some of the effects of these variables
can be mitigated with a sufficiently large sky coverage and com-
plementary optical sky coverage. Dénes et al. (2014) used HIPASS
and HyperLEDA (Paturel et al. 2003; Makarov et al. 2014) to map
the sky distribution of H i deficiency compared with the large-scale
galaxy structure finding H i deficient areas on the sky which are
correlated with the locations of groups and clusters. We can apply
the same analysis technique to the integrated H i flux asymmetry
ratio of HIPASS galaxies to investigate the global distribution of H i
asymmetries across the southern sky.
It is not yet possible to map the sky distribution of H i asymme-
tries on the basis of spatially resolved observations. However, this
will change in the next few years with theWidefield ASKAPL-band
Legacy All-sky Blind Survey (WALLABY, Koribalski et al. 2020)
which will be carried out on the Australian Square Kilometre Array
Pathfinder (ASKAP, Johnston et al. 2007). WALLABY will cover
∼ 75% of the sky up to 𝛿 < +30◦ out to 𝑧 < 0.26 and will spatially
resolve all HIPASS sources (WALLABY and HIPASS synthesised
beams: 0.5′ vs 15.5′, respectively). WALLABY is predicted to de-
tect ∼ 500 000 galaxies of which several thousand will be spatially
resolved while the rest will be limited to integrated spectra. With an
expected mean redshift of 𝑧 ∼ 0.05, WALLABYwill be able to map
spectral asymmetry sky distributions out to much higher redshifts
than possible with HIPASS (mean redshift 𝑧 ∼ 0.01).
In this work, we investigate the distribution of H i flux asym-
metry ratio, 𝐴flux, in HIPASS galaxies across the sky and examine
the correlation with large-scale structure. We also carry out a new
analysis of the sky distribution of H i deficiency similar to Dénes
et al. (2014) where we measure the mean rather than the summed
H i deficiency across the sky. Finally, we compare the global H i
asymmetry and H i deficiency. We describe the data we use and our
analysis in Sections 2 and 3, respectively. We discuss our results
in Section 4 and present our conclusions in Section 5. Through-
out, we use velocities in the optical convention (c𝑧) and the Local
Group reference frame, adopting a flat ΛCDM cosmology using
𝐻0 = 67.7 km s−1Mpc−1, concordant with Planck (Planck Collab-
oration et al. 2016).
2 DATA
2.1 HIPASS
The H i Parkes All Sky Survey (HIPASS, Barnes et al. 2001) is a
blind H i survey covering the sky at 𝛿 < +25◦ carried out on the
Parkes 64-m telescope with a gridded beam size of 15.5′ and a spec-
tral resolution of 18 km s−1 (with a channel width of∼ 13.2 km s−1).
TwoH i catalogueswere produced fromHIPASS covering the south-
ern and northern portions of the sky (HICAT and NHICAT, Meyer
et al. 2004; Wong et al. 2006, respectively). HICAT contains 4 315
sources at 𝛿 < +2◦ and 𝑣 > 300 km s−1 with optical identifications
and properties catalogued in HOPCAT (Doyle et al. 2005). NHI-
CAT covers the northern extension of HIPASS, +2◦ < 𝛿 < +25◦,
and contains 1 002 sources at 𝑣 > 300 km s−1 with optical identifi-
cations and properties catalogued in NOIRCAT (Wong et al. 2009).
We summarise the basic properties of the two catalogues in Table 1.
The lower velocity limit of 𝑣 > 300 km s−1 ensures there is no
contamination by Galactic emission in the detected sources.
We extract all HIPASS spectra listed in HICAT and NHICAT
following the method of Meyer et al. (2004) andWong et al. (2006),
which we summarise here. The HICAT and NHICAT catalogues
include the position of each galaxy, the number of pixels on a side
of the box used to extract each source and whether sources are ex-
tended or point sources. For each source, we use the miriad task
mbspect to extract a box (size listed in HICAT and NHICAT) cen-
tred on the pixel containing the HIPASS source position covering
all channels with 𝑣 > 300 km s−1. The pixels in each channel of the
extracted box are weighted by the gridded HIPASS beam (Gaussian
with FWHM = 15.5′) for HIPASS classified ‘point’ sources and are
summed and normalised for ‘extended’ sources. We note that the
actual size of the HIPASS beam is dependent on the source peak flux
density and size and varies by±1′ (Barnes et al. 2001). However, we
are only interested in the relative flux in each half of the spectra for
calculating the flux asymmetry (Section 3.2) in which case the scal-
ing factor from weighting by the Gaussian beam cancels out. Meyer
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Table 1. HIPASS source catalogues.
HICAT NHICAT
Region South North
Galaxies [𝑁 ] 4 315 1 002
Optical HOPCAT NOIRCAT
RA 0◦ < 𝛼 < 360◦ 0◦ < 𝛼 < 360◦
Dec −90◦ < 𝛿 < +2◦ +2◦ < 𝛿 < +25◦
Table 2. HyperLEDA absolute 𝐵−band magnitude limits at the lower and
upper velocity bounds for the four velocity ranges: 𝑉1 = 300–1 000 km s−1,
𝑉2 = 1 000–2 000 km s−1, 𝑉3 = 2 000–4 000 km s−1 and 𝑉4 = 4 000–
6 000 km s−1.
Velocity 𝑀𝐵
[km s−1] [mag]
300 −14.23
1 000 −16.85
2 000 −18.35
4 000 −19.86
6 000 −20.74
et al. (2004) and Wong et al. (2006) use the accurate beam sizes
for their measured integrated H i fluxes in HICAT and NHICAT,
respectively, which we use for calculating the H i deficiency. We re-
move any residual baseline offsets in the extracted spectra by fitting
and subtracting a 2nd-order polynomial to the spectra after mask-
ing out the velocity range containing the galaxy, which is tabulated
in HICAT and NHICAT. We finally mask channels outside of the
velocity range containing each galaxy from HICAT and NHICAT
before measuring the asymmetry as described in Section 3.2.
2.2 HyperLEDA
Following Dénes et al. (2014), as a reference catalogue of the
sky distribution of galaxies we use HyperLEDA1 (Paturel et al.
2003; Makarov et al. 2014), which provides mean homogenised
galaxy parameters. We include all HyperLEDA galaxies down to
the apparent magnitude completeness limit of 𝑚𝐵 = 14mag to
which HyperLEDA is complete (Giuricin et al. 2000). Table 2
lists the absolute 𝐵−band magnitude limits at the velocity bounds
for the four velocity ranges we use to bin galaxies: 𝑉1 = 300–
1 000 km s−1, 𝑉2 = 1 000–2 000 km s−1, 𝑉3 = 2 000–4 000 km s−1
and𝑉4 = 4 000–6 000 km s−1. We note that the difference in the ab-
solute magnitude limits covers 6 orders of magnitude between the
lowest and highest velocities. This limits our analysis of the varia-
tion of asymmetries and deficiencies with environment density to
within each velocity range and we do not draw conclusions about
variation between velocity bins.
3 ANALYSIS
3.1 HI Deficiency
We perform a similar analysis to that of Dénes et al. (2014) for
the spatial distribution of H i deficiency across the sky for com-
parison with the asymmetry sky distributions. For consistency, we
1 http://leda.univ-lyon1.fr/
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Figure 1. Example of an asymmetric H i spectrum indicating the systemic
velocity defined as the midpoint of the spectrum at 20% the spectrum’s
peak height (dashed orange line). Also indicated are the light and dark
shaded regions integrated to calculate 𝐴flux (𝐼1 and 𝐼2, respectively). For
this spectrum 𝐴flux = 1.09.
use the same subsample of HIPASS sources defined by Dénes et al.
(2014), which only includes sources with single optical counter-
parts and integrated fluxes 𝑆int > 5 Jy km s−1 (i.e. the HIPASS 95%
reliability limit from Zwaan et al. 2004). We compute the expected
and observed H i masses using equations 4 and 5 of Dénes et al.
(2014), respectively. The expected H i masses are calculated using
the scaling relations derived from the 𝐵−band for HICAT and NHI-
CAT (tables 2 and 3 in Dénes et al. 2014, respectively) and using
the 𝐵−band magnitudes from HOPCAT and NOIRCAT. The H i
deficiency, DEFHI is calculated in the normal way,
DEFHI = log10 (𝑀exp/M) − log10 (𝑀obs/M), (1)
where 𝑀exp and 𝑀obs are the expected and observed H i masses,
respectively. Galaxies are considered to be H i deficient if DEFHI >
0.3 and H i rich ifDEFHI < −0.3 (i.e. compared to an average spiral
galaxy either double or half the quantity of H i, respectively). The
global H i deficiency map is presented in Section 4.1.
3.2 HI Asymmetry
We quantify the spectral H i asymmetry with the flux ratio asym-
metry, 𝐴flux, which is frequently used to quantify the asymmetry
in an integrated H i spectrum (e.g. Richter & Sancisi 1994; Haynes
et al. 1998; Espada et al. 2011; Scott et al. 2018). 𝐴flux is calculated
by taking the ratio of the integrated flux in the two halves of the
spectrum split at the source’s systemic velocity,
𝐴flux =
𝐼1
𝐼2
=
∑𝑉sys,𝑤20
𝑣low 𝐼𝑑𝑣∑𝑣high
𝑉sys,𝑤20
𝐼𝑑𝑣
, (2)
where 𝐼1 and 𝐼2 are the integrated fluxes in the lower and upper
halves of the spectrum (shaded regions in Figure 1). The systemic
velocity,𝑉sys,𝑤20 , is defined as the midpoint of the spectrum at 20%
of the peak flux (the 𝑤20 line width) and 𝑣low = 𝑉sys,𝑤20 − 𝑤20/2
and 𝑣high = 𝑉sys,𝑤20 +𝑤20/2. We follow Reynolds et al. (2020) and
interpolate at the upper and lower boundaries of the two regions
𝐼1 and 𝐼2. For channels bridging the boundaries of 𝐼1 and 𝐼2, we
divide the flux in the bridging channel proportionally between 𝐼1
or 𝐼2 by the fractional channel width that lies within either half of
the spectrum. The flux asymmetry ratio is defined to be 𝐴flux ≥ 1
(i.e. if 𝐴flux = 𝐼1/𝐼2 < 1 then we take the inverse: 𝐴flux = 𝐼2/𝐼1),
where 𝐴flux = 1 for a symmetric spectrum and 𝐴flux increases
MNRAS 000, 1–10 (2020)
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Table 3. Total HIPASS spectra above integrated signal to noise ratio (SNR)
cuts and subsamples in each of the four velocity ranges used in sky plots:𝑉1 =
300–1 000 km s−1, 𝑉2 = 1 000–2 000 km s−1, 𝑉3 = 2 000–4 000 km s−1 and
𝑉4 = 4 000–6 000 km s−1.
SNR Galaxies [𝑁 ]
All 𝑉1 𝑉2 𝑉3 𝑉4
10 4 617 426 1 205 1 734 889
20 2 137 294 730 791 250
30 1 167 221 474 384 69
40 744 180 329 204 21
with increasing asymmetries. The global flux asymmetry ratio map
is presented in Section 4.2. In Appendix A we show 20 example
HIPASS spectra with 𝑉sys,𝑤20 , 𝐼1 and 𝐼2 indicated as in Figure 1
along with each spectrum’s 𝐴flux (Figure A1).
If a galaxy’s 𝑤20 line width is comparable to the channel
width (e.g. the spectrum is resolved by . 10 channels, ∼ 7 spectral
resolution elements) then the measured 𝐴flux can be blurred/diluted
due to instrument resolution. This does not affect our sample as
there are only 6 galaxies (0.5%) with SNR > 30 that have 𝑤20 <
50 km s−1 (86 galaxies, 7%, with 𝑤20 < 100 km s−1).
𝐴flux can be calculated for any integrated H i spectrum with a
sufficiently high integrated signal to noise ratio (SNR) and spectral
resolution (e.g. resolved by& 10 channels). Integrated SNR of. 30
have been shown to cause the measured asymmetry of spectra to
be larger than the intrinsic asymmetry with the effect decreasing
with increasing SNR (Watts et al. 2020). We tabulate the number
of HIPASS galaxies in subsamples after applying SNR cuts of 10
(used in the literature, e.g. Espada et al. 2011; Bok et al. 2019), 20,
30 and 40 for the full velocity range and four velocity sub-intervals
in Table 3. For our analysis we limit our sample to HIPASS galaxies
with SNR > 30. Although this decreases the sample size to 1167
galaxies, it ensures that our results are not too strongly biased by
the effect of SNR on the measured 𝐴flux.
4 DISCUSSION
4.1 Global HI Deficiency
We produce the global sky distribution plots in Figure 2 using a
different method to the one used by Dénes et al. (2014). We bin the
environment density and H i galaxy parameters by convolving the
sky with a 2-dimensional Gaussian and plot the mean H i parameter
weighted by the Gaussian in each bin on the sky. Dénes et al.
(2014) directly binned the sky into spatial bins and plotted the
weighted 2d histogram (i.e. the sum) of galaxies contained within
each bin. The Dénes et al. (2014) results using the weighted 2d
histogram statistic are sensitive to highly H i rich and poor galaxies
while we are interested in measuring the average H i deficiency and
comparing with the average H i asymmetries (Section 4.2). In this
section we discuss similarities and differences between our results
and those of Dénes et al. (2014) using these two statistics. We
create sky distribution plots for galaxies in the same four velocity
ranges used in Dénes et al. (2014): 𝑉1 = 300–1 000 km s−1, 𝑉2 =
1 000–2 000 km s−1, 𝑉3 = 2 000–4 000 km s−1 and 𝑉4 = 4 000–
6 000 km s−1 (top left, top right, bottom left and bottom right panels,
respectively, of Figure 2). Throughout the rest of this paper we refer
to the four velocity ranges as 𝑉1, 𝑉2, 𝑉3 and 𝑉4.
To create the sky distribution plot, we divide the sky into 50
bins in RA and Dec with the value in each bin corresponding to the
Gaussian weighted mean H i deficiency at that sky position using a
Gaussian with 𝜎 = 0.2 rad for 𝑉1 and 𝜎 = 0.1 rad for 𝑉2, 𝑉3 and
𝑉4. These smoothing kernels correspond to smoothing on physical
scales of ∼ 2, ∼ 2, ∼ 4.5 and ∼ 7.5Mpc at the mean velocities of
650, 1 500, 3 000 and 5 000 km s−1 in each velocity bin, respectively.
Hence, while the𝑉1 and𝑉2 maps are smoothed to the same physical
scale, the 𝑉3 and 𝑉4 maps are smoothed to roughly double and
four times the physical scale of 𝑉1 and 𝑉2. We do not smooth 𝑉3
and 𝑉4 using a smaller kernel, as using a smaller smoothing kernel
would result in unacceptably large statistical uncertainties. However,
this does not affect our analysis as we do not draw conclusions
from comparing between different velocity bins due to the different
limiting magnitudes of the underlying HyperLEDA sample (see
Section 2.2). We also investigate the effect that the smoothing scale
has on our results for 𝜎 = 0.05–0.30 rad and find apart from the
noisiness of the 𝜎 = 0.05 rad maps that the maps are generally
insensitive to the choice of smoothing kernel (which is also the case
for H i asymmetry sky distributions, Section 4.2).
Similarly, we define the galaxy projected surface density from
HyperLEDA at each sky position as the Gaussian weighted sum
using the same Gaussian divided by the solid angle of a top hat
with a radius equal to the Gaussian 𝜎 (Ω = 2𝜋[1 − cos(𝜎)]). This
method has an advantage over standard binning, in which the value
of each bin is derived in isolation, as all galaxies in our HIPASS
and HyperLEDA subsamples contribute to each sky position, with
more distant galaxies contributing less than nearby galaxies. We
plot the sky distributions with weighted mean DEFHI in Figure 2
as shading (blue indicates more H i rich and red indicates more
H i deficient, while white regions do not contain any data) with
contours indicating the Gaussian weighted HyperLEDA projected
surface density for the four velocity ranges (𝑉1, 𝑉2, 𝑉3, 𝑉4) used in
Dénes et al. (2014).
Qualitatively we find broad agreement between our sky dis-
tributions and those of Dénes et al. (2014), where discrepancies
between this work and Dénes et al. (2014) are due to differences
in the binning method and the plotted statistics (weighted mean vs
sum). As expected in the velocity range𝑉1, we find galaxies to be H i
deficient in the region of the Virgo cluster (𝛼, 𝛿 = 187.70◦, 12.34◦,
purple square), which is known to contain H i deficient galaxies (e.g.
Chung et al. 2009).We do not recover the summedH i deficiency for
the Dorado group (𝛼, 𝛿 = 64.27◦,−56.13◦, purple star), however
our result for the mean H i deficiency of −0.2 . DEFHI . 0.0 (i.e.
H i normal) is in agreement with the lack of a global H i deficiency
in Dorado as determined by Kilborn et al. (2005). We note that the
H i deficiency signature that Dénes et al. (2014) find is dominated
by two galaxies, NGC1543 and NGC1546 (DEFHI = 0.92 and
0.72, respectively), and has a summed DEFHI of 1.9 (mean DEFHI
is 0.24) including these two galaxies. If NGC1543 and NGC1546
are excluded then the summed DEFHI is 0.26, which is similar to
the mean DEFHI including the galaxies. This illustrates the point
that the results of Dénes et al. (2014) are sensitive to outlier galaxies
which are extremely H i rich or poor, while our results are sensitive
to the average H i deficiency.
For 𝑉2, the higher DEFHI values (DEFHI & −0.1) generally
trace the regions with positive summed DEFHI values. The region
around Virgo is the only location we find to be potentially H i defi-
cient with DEFHI > 0, while the other regions Dénes et al. (2014)
highlighted (e.g. the Eridanus group, 𝛼, 𝛿 = 52.06◦,−20.74◦, pur-
ple square, and the Fornax cluster, 𝛼, 𝛿 = 54.62◦,−35.45◦, purple
star), have normal H i content with mean deficiencies ofDEFHI ∼ 0.
The lower mean H i deficiency we measure in Eridanus and Fornax
compared to targeted surveys by Omar & Dwarakanath (2005) and
MNRAS 000, 1–10 (2020)
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Figure 2. Gaussian weighted mean H i deficiency, DEFHI, sky distribution plots. The Gaussian weighted mean DEFHI increases from low (blue) to high (red)
values, with white indicating there is no data. The contour levels indicate the underlying galaxy density distribution from HyperLEDA of log(𝑁 /sr) = 1.9,
2.2, 2.5, 2.8, 3.1, 3.4, 3.7 for increasing line thickness. The points indicate the location of HIPASS galaxies. The orange circles in the lower right corner of
each panel indicates the size of the Gaussian (𝜎) kernel used to smooth each map as it appears at the equator. The four panels show the velocity ranges:
𝑉1 = 300–1 000 km s−1, 𝑉2 = 1 000–2 000 km s−1, 𝑉3 = 2 000–4 000 km s−1 and 𝑉4 = 4 000–6 000 km s−1 (top left, top right, bottom left and bottom right,
respectively). The purple symbols indicate the positions of the Virgo cluster and Dorado group (square and star in top left panel, respectively), the Eridanus
group and Fornax cluster (square and star in top right panel, respectively) and the Antlia, Hydra and Centaurus cluster regions (square, star and diamond in
bottom left panel, respectively).
Schröder et al. (2001), respectively, which found them to be H i de-
ficient on average, is likely due to HIPASS, which is most sensitive
to H i rich galaxies, not detecting the most H i deficient galaxies.
HIPASS is even less sensitive to H i deficient galaxies in
the higher velocity ranges, which likely contributes to our nega-
tive measured mean H i deficiency (−0.20 . DEFHI . −0.15)
for the Antlia (𝛼, 𝛿 = 157.51◦,−35.32◦, purple square), Hydra
(𝛼, 𝛿 = 159.17◦,−27.52◦, purple star) and Centaurus (𝛼, 𝛿 =
192.20◦,−41.31◦, purple diamond) cluster regions, indicating that
they are on averageH i normal, compared to positive summed values
from Dénes et al. (2014) at𝑉3. We have agreement with Dénes et al.
(2014) for the highest velocities (𝑉4), with all HIPASS detections
being H i rich, which as Dénes et al. (2014) point out, is expected
for a blind H i survey.
We also collapse the sky plots into 1d plots ofDEFHI vs galaxy
density in Figure 3. The density is calculated as in the sky plot, but
nowwith the Gaussian centred on each HIPASS galaxy individually
instead of the centre of each sky bin. In the two low velocity bins (𝑉1
and𝑉2, upper panels of Figure 3), we find clear trends of increasing
mean H i deficiency with increasing density. This is most clear for
𝑉1, where the mean for the highest density bin is > 0.3, indicating
that these galaxies contain on average less than half the expected H i
and corresponds to the Virgo cluster region of the sky plot. For 𝑉2,
themean increases across the three bins, but is never> 0.3. There are
Table 4. The mean and standard deviation of the H i deficiency, DEFHI, for
the three density bins (log(𝑁 /sr) < 2.2, 2.2–2.6, > 2.6) in Figure 3 and
four the velocity subsamples.
Velocity Density [log(𝑁 /sr)]
[km s−1] < 2.2 2.2–2.6 > 2.6
300–1 000 −0.19 ± 0.30 −0.02 ± 0.32 0.42 ± 0.40
1 000–2 000 −0.20 ± 0.29 −0.17 ± 0.32 −0.04 ± 0.29
2 000–4 000 −0.34 ± 0.23 −0.25 ± 0.28 −0.24 ± 0.29
4 000–6 000 −0.32 ± 0.23 −0.34 ± 0.22 −0.40 ± 0.26
however a number of individual galaxies in the two higher density
bins which have DEFHI > 0.3. The two highest velocity ranges
show no variation in the binned mean DEFHI, which is < 0.0 as
expected as at these higher velocities HIPASS is most sensitive to
H i rich and H i normal galaxies. The mean and standard deviation
of DEFHI from Figure 3 are tabulated in Table 4. We also find
that the correlation, or lack thereof, between H i deficiency and
environment density in each velocity range is insensitive to the size
of the smoothing kernel (𝜎 = 0.05–0.30 rad). This also holds true
for the H i asymmetry analysis below (Section 4.2).
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Figure 3. HIPASS galaxy H i deficiency, DEFHI, vs projected surface density from HyperLEDA in the four velocity subsamples: 𝑉1, 𝑉2, 𝑉3 and 𝑉4 (top left,
top right, bottom left and bottom right, respectively). The blue diamonds indicate the mean density and H i deficiency in each bin with vertical error bars
showing the standard deviation (smaller than the mean symbols) and horizontal error bars showing the density range of galaxies in the bin.
4.2 Global HI Asymmetry
Studies using both spectral and morphological H i asymmetries find
the fraction of galaxies that are asymmetric is larger in groups and
clusters compared with isolated, field galaxies (e.g. Angiras et al.
2006, 2007; Espada et al. 2011; Scott et al. 2018; Bok et al. 2019).
Using ∼ 140 galaxies from the LVHIS, VIVA and HALOGAS sur-
veys, Reynolds et al. (2020) find signs of trends of increasing asym-
metries with environment density. With HIPASS we can investigate
the distribution of the H i flux asymmetry ratio, 𝐴flux, across the
sky and look for the tentative trend in 𝐴flux with environment that
was reported by Reynolds et al. (2020) using a larger and more
statistically robust galaxy sample.
We plot the sky distribution for weighted mean flux asymme-
try ratio, 𝐴flux, in Figure 4 following the same method described
for the global H i deficiency sky distribution in Section 4.1 (mean
asymmetries increasing from blue to red shading). In the two low-
velocity ranges (𝑉1 and 𝑉2), the yellow and orange shading, which
indicates higher mean asymmetries, tend to be coincident with the
intermediate density HyperLEDA density contours. H i asymme-
tries do not appear to trace the density contours in the two highest
velocity ranges.
Similarly to DEFHI, we also plot the individual HIPASS 𝐴flux
values against projected density computed using the HyperLEDA
galaxies in each velocity range and the sameGaussian centre on each
HIPASS galaxy in Figure 5. The mean asymmetry for all HIPASS
galaxies does not vary with density as measured in three density
bins of log(𝑁/sr) < 2.2, 2.2–2.6, > 2.6 (Figure 5 and Table 5). For
asymmetry analyses, of interest are the values of the outliers from the
half Gaussian distribution of Espada et al. (2011) with statistically
significant 𝐴flux (e.g. > 2𝜎) compared to isolated galaxies. For
this reason we indicate the HIPASS galaxies with 𝐴flux > 1.26
(denoted by the dashed line) in blue and measure the mean and
standard deviation for only those galaxies with 𝐴flux > 1.26 in the
same density bins. In the low velocity bin, 𝑉1, there is a trend of
increasing mean 𝐴flux with density, although this is not statistically
significant as the variation in 𝐴flux is within the 1𝜎 uncertainties.
Similar to the mean for all galaxies, there is no variation in the mean
Table 5. The fraction and mean and standard deviation of the flux ratio
asymmetry, 𝐴flux, for galaxies with 𝐴flux > 1.26 and mean and standard
deviation for all galaxies in the three density bins in Figure 5 and the four
velocity subsamples.
Velocity Density [log(𝑁 /sr)]
[km s−1] < 2.2 2.2–2.6 > 2.6
Fraction (𝐴flux > 1.26)
300–1 000 6% (7/118) 11% (9/83) 14% (2/14)
1 000–2 000 12% (7/56) 15% (25/172) 20% (48/238)
2 000–4 000 35% (9/26) 19% (17/88) 20% (52/254)
4 000–6 000 14% (1/7) 37% (11/30) 21% (6/28)
Mean (𝐴flux > 1.26)
300–1 000 1.43 ± 0.10 1.50 ± 0.22 1.56 ± 0.12
1 000–2 000 1.41 ± 0.11 1.45 ± 0.17 1.44 ± 0.18
2 000–4 000 1.46 ± 0.18 1.44 ± 0.18 1.46 ± 0.17
4 000–6 000 — 1.54 ± 0.19 1.51 ± 0.21
Mean (All)
300–1 000 1.11 ± 0.11 1.14 ± 0.16 1.17 ± 0.18
1 000–2 000 1.13 ± 0.13 1.15 ± 0.16 1.16 ± 0.17
2 000–4 000 1.22 ± 0.21 1.15 ± 0.17 1.17 ± 0.18
4 000–6 000 1.17 ± 0.15 1.27 ± 0.24 1.13 ± 0.41
asymmetry for galaxies with 𝐴flux > 1.26 (Figure 5 and Table 5).
We note there is only one galaxy in the low density bin of𝑉4, hence
there is no mean in this bin.
Previous studies have found asymmetric fractions of ∼ 2–18%
in samples of isolated systems and ∼ 16–27% in pairs, groups and
clusters for 𝐴flux > 1.26 (Haynes et al. 1998; Matthews et al. 1998;
Espada et al. 2011; Scott et al. 2018; Bok et al. 2019). We also cal-
culate the fraction of galaxies with 𝐴flux > 1.26 in the three density
bins for the velocity subsamples (Table 5). We find a statistically
significant increase in the asymmetric fraction (𝐴flux > 1.26) with
density in the 𝑉2 velocity bin from 12%–20% with uncertainties
of ±3–4% (we assume a binomial distribution for calculating the
uncertainties), which indicates that there is a correlation between
asymmetric fraction and environment density in agreement with
MNRAS 000, 1–10 (2020)
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Figure 5. HIPASS flux ratio asymmetries, 𝐴flux, vs galaxy density. The grey and blue points are the values for individual HIPASS galaxies with 𝐴flux < 1.26
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previous studies. The observed increase in the asymmetric fraction
in 𝑉1 (6%–14%) is within the uncertainties (±2–9%) and is not
statistically significant. There is no clear trend in the higher veloc-
ity bins between asymmetric fraction and environment density and
the variation is within the uncertainties (±3–13%). However, we
note that we have limited our sample to galaxies with integrated
SNR > 30 compared with the cut of SNR > 10 used in previous
studies, which can explain the lower asymmetric fractions that we
measure (see discussion of the effect of the SNR on the measured
𝐴flux in Section 3.2). We also investigate varying the width of the
velocity bins (e.g. Δ𝑣 = 500 km s−1 and Δ𝑣 = 1 000 km s−1 starting
from 𝑣 = 500 km s−1), however neither themean nor the asymmetric
fractions change within the uncertainties.
There may be a number of reasons why we do not observe an
increase in the mean asymmetry in the intermediate density bin of
Figure 5 that we observe in the sky plot, although these results are
in agreement with the results of Reynolds et al. (2020), who found
the variation in the mean 𝐴flux with environment density to be
smaller than the sample 1𝜎 standard deviation. Figure 4 shows the
local mean asymmetry, which varies with both low and high mean
asymmetries coincident with the same density contours. Thus, when
we average over the entire sky in Figure 5 the global mean will be
lower than the higher local means.
A potentially greater effect in suppressing asymmetry varia-
tions is themethod used to estimate the density around eachHIPASS
galaxy. Here we use 2-dimensional projected distances, which are
less accurate than 3-dimensional distances for estimating densities
(e.g. Reynolds et al. 2020).We estimate densities usingHyperLEDA
galaxies in discrete velocity bins matched to the four HIPASS ve-
locity ranges for consistency with the densities indicated in the sky
plot (density contours comparable to Dénes et al. 2014) and the
1d plot (Figures 4 and 5, respectively). This also mitigates the ef-
fect of the variation in the HyperLEDA absolute magnitude limits
(Table 2). As density estimates used a window width between 700
and 2 000 km s−1, this likely weakens any true correlation between
asymmetry and density. We see this for the asymmetric fraction, in
which we observe a positive correlation between asymmetric frac-
tion and density in the 𝑉2 velocity bin (spanning 1 000 km s−1), but
no correlation in 𝑉3 or 𝑉4 (spanning 2 000 km s−1).
There may also be an underlying dependence on other galaxy
properties, such as H i mass or H i deficiency (DEFHI), that is con-
tributing to the scatter observed in 𝐴flux across all densities. For
galaxies in the Virgo cluster, Scott et al. (2018) found the frac-
tion (42%) of low H i mass (log(𝑀HI/M) ≤ 8.48) galaxies with
𝐴flux > 1.39 to be significantly higher than the fraction (16%) of
high H i mass galaxies (log(𝑀HI/M) > 8.48). Scott et al. (2018)
also identified a weak correlation between 𝐴flux and DEFHI from
16 galaxies in Abell 1367 with 2𝜎 significance (𝐴flux > 1.26),
although this correlation disappears if a 3𝜎 cut (𝐴flux > 1.39)
is applied. In Figure 6, we plot 𝐴flux vs DEFHI for the HIPASS
sample over the full velocity range 300–6 000 km s−1 and measure
the mean for five bins in DEFHI for the full sample and galaxies
with 𝐴flux > 1.26 and the fraction of galaxies in each bin with
𝐴flux > 1.26 (Table 6). We find no variation in the mean for all
galaxies or those with 𝐴flux > 1.26 with DEFHI. We also find no
variation in the asymmetric fraction with density. This implies that
there is either no correlation between H i deficiency and asymmetry
or, if a correlation does exist, it is subtle and we do not recover it due
to the small sample size, which is biased towards H i rich galaxies
(i.e. 55 galaxies of which ∼ 3 are classified as H i deficient with
DEFHI > 0.3). We do not investigate other parameters (e.g. H i or
stellar mass) due to HIPASS being a blind H i survey and our signal
Table 6. The fraction and mean and standard deviation of the flux ratio
asymmetry, 𝐴flux, for galaxies with 𝐴flux > 1.26 and mean and standard
deviation for all galaxies binned by H i deficiency, DEFHI, from Figure 6.
DEFHI Fraction 〈𝐴flux 〉 〈𝐴flux 〉
𝐴flux > 1.26 > 1.26 All
−0.95 27% (7/26) 1.57 ± 0.27 1.25 ± 0.26
−0.51 13% (32/246) 1.47 ± 0.19 1.13 ± 0.20
−0.08 12% (38/314) 1.41 ± 0.15 1.13 ± 0.13
0.35 20% (12/61) 1.42 ± 0.14 1.16 ± 0.15
0.79 20% (1/5) — 1.16 ± 0.23
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Figure 6. Similar to Figure 5, but for the flux asymmetry ratio, 𝐴flux, vs H i
deficiency, DEFHI for all HIPASS galaxies within 300–6 000 km s−1, with
the histograms showing the distributions of 𝐴flux and DEFHI.
to noise ratio cut of 30. These characteristics bias our sample to
galaxies with high H i, and subsequently stellar, mass (e.g. ∼ 60%
of the sample have 9 < log(𝑀HI/M) < 10 and ∼ 85% of the
sample has log(𝑀HI/M) > 8.48, the mass cut applied by Scott
et al. 2018).
5 SUMMARY
Wehave carried out a similar analysis to that ofDénes et al. (2014) to
investigate the variation of H i deficiency, DEFHI, across the sky in
the H i Parkes All-Sky Survey (HIPASS) and projected environment
density estimated using HyperLEDA within four velocity ranges:
𝑉1 = 300–1 000 km s−1, 𝑉2 = 1 000–2 000 km s−1, 𝑉3 = 2 000–
4 000 km s−1 and 𝑉4 = 4 000–6 000 km s−1. Dénes et al. (2014)
binned the HIPASS deficiencies using a summed 2d histogram,
which is sensitive to outliers with large H i deficiencies. We use
the weighted mean deficiency, which down-weights all galaxies by
1/𝑁 . The only region identified in Dénes et al. (2014) as being
H i deficient which we find to be on average H i deficient is the
Virgo cluster in the 300–1 000 km s−1 velocity range. We find all
other regions identified as H i deficient in Dénes et al. (2014) to
be on average either H i normal or rich. However, even using the
weighted mean H i deficiency, for the 𝑉1 and 𝑉2 ranges we find
statistically significant trends of increasing H i deficiency with den-
sity, which supports the conclusion of Dénes et al. (2014) that H i
deficient galaxies tend to be in denser environments. These results
illustrate the effect the statistic chosen for the analysis has on the
interpretation.
We also apply the same method to investigate the global dis-
tribution of the mean flux asymmetry ratio, 𝐴flux. There appears to
be some correspondence between regions with larger mean 𝐴flux
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and intermediate densities in the global 𝐴flux sky plot for galaxies
with the velocity ranges: 𝑉1 = 300–1 000 km s−1, 𝑉2 = 1 000–
2 000 km s−1. While we do not find statistically significant correla-
tions when the positional sky information is removed and the mean
𝐴flux is measuredwith respect to density alone, we do observe a pos-
itive correlation between the fraction of galaxies with 𝐴flux > 1.26
and density. The most likely causes washing out any underlying
trend in the mean asymmetry are the averaging of galaxies across
the sky, the influence of other galaxy properties (e.g. H imass, stel-
lar mass and H i deficiency), estimating the environment density
using 2d projected distances and only using HyperLEDA galaxies
within a fixed velocity range for all HIPASS galaxies in each ve-
locity bin for estimating density. We find no correlation between
𝐴flux andDEFHI, which implies that asymmetries do not depend on
H i deficiency or the dependence is too subtle to be recovered with
HIPASS.
In the future it will be possible to carry out a similar analysis for
morphological and kinematic asymmetries using the WALLABY
survey, which will spatially resolve all galaxies detected in HIPASS
(Koribalski et al. 2020). This will also produce integrated spectra
with higher signal to noise ratios, which will increase the sample for
analysing spectral asymmetries. WALLABY will also provide ∼ 1–
2 orders of magnitude more galaxies across a range of environments
and, while still a shallow survey, will detect more low mass and
H i deficient galaxies than possible with HIPASS. The increased
number of detections will provide a more statistically robust sample
for measuring the global distribution of H i spectral asymmetries
and investigate correlations between asymmetries and other galaxy
properties, such as H i deficiency and H i and stellar mass.
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APPENDIX A: SAMPLE HIPASS SPECTRA
In Figure A1 we show a sample of 20 HIPASS spectra and their
corresponding flux asymmetry ratios, 𝐴flux. The dashed orange line
indicates the systemic velocity (𝑉sys,w20) and the light and dark
shaded regions indicate the integrated flux in the lower and upper
halves of the spectrum (𝐼1 and 𝐼2 in Equation 2, respectively) as in
Figure 1.
This paper has been typeset from a TEX/LATEX file prepared by the author.
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Figure A1. Example HIPASS spectra with the flux in the lower and upper halves of the spectrum shaded (light and dark grey, respectively). The systemic
velocity, 𝑉sys,w20, defined as the midpoint of the 𝑤20 line width is indicated by the vertical dashed orange line. The calculated flux asymmetry ratio, 𝐴flux, is
shown in the top right corner of each panel.
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